ABSTRACT -The objective of this research was to evaluate the effects of tiller age on morphogenic and structural characteristics of guinea grass cv. Mombaca subjected to intermittent stocking and three stubble heights: 30 cm, 50 cm and 50-30 cm. Stubble heights were assigned to experimental units in a completely randomized block design with three replicates.
Introduction
Pastures are comprised of plant population, and each plant is formed by basic units called tillers, as in the case of forage grasses (Valentine and Matthew, 1999) . Therefore, the understanding of the processes that determine growth and development of pastures involves knowing the processes occurring in individual tillers. Forage accumulation in pastures results from the total of all the units which compose it (Matthew et al., 2001) . The study of morphogenic and structural characteristics has contributed to the understanding of the process of biomass accumulation under a grazing system. This knowledge enables the management of pasture conditions such as frequency and severity of defoliation Pena et al., 2009 ). Thus, recent research (Carnevalli et al., 2006; Barbosa et al., 2007; Giacomini et al., 2009a,b; Mesquita et al., 2010) indicates that the optimal time for regrowth coincides with interruption at interception of 95% of incident light by the canopy.
However, the severity of defoliation still needs to be adjusted (Sousa et al., 2010; Sousa et al., 2011) . When pasture conditions are maintained relatively constant throughout the year, severe grazing promotes a high potential of tissue renewal with high accumulation of leaf blades and effective control of stem accumulation, while lenient grazing results in increased stem accumulation, but in intense use of the pastures during favorable times for plant growth (Difante et al., 2009 a,b) . However, varying the grazing severity along the year can be an interesting alternative, resulting in better yield of pastures in the growth season and the control of stem accumulation during the fall and the winter.
However, because pastures are formed by tillers at different stages of development, they have, at the same time, tillers at variable vegetative development cycles and also tillers at the reproductive stage (Paiva, 2009) . So, tillers can respond individually to the management practices employed, depending on their stage of development.
This research aimed to study the morphogenic and structural characteristics of tillers of Panicum maximum cv. Mombaca of different ages subjected to different severities of grazing under intermittent stocking.
Material and Methods
The experiment was developed at Embrapa Gado de Corte (CNPGC), in Campo Grande, MS (20º27' S, 54º37' W; 530 m of altitude) between September 2005 and April 2007. According to Köppen's classification, the climate of the region is wet tropical savannah (subtype Aw), characterized by uneven distribution of annual rainfall with well-defined occurrence of dry (May -Sept) and rainy (Oct -Apr) periods.
The climatic conditions data during the experimental period (Figures 1 and 2 ) were collected at Embrapa Gado de Corte weather station, located about 4,000 m away from the experimental site. Values of average temperature and accumulated monthly rainfall were used to calculate the water balance.
The grazing system was established in February of 1994. After soil analysis, corrections and fertilizationwhich consisted of applying 3,700 kg/ha of dolomitic limestone (PRNT = 73%), 500 kg/ha (0-20-15 formulation) and 50 kg/ha of FTE BR-12 -were carried out. Afterwards, viable pure seeds of guinea grass cv. Mombaca (Panicum maximum cv. Mombaca) were sown (2 kg/ha). Seeds were incorporated into soil by slight harrowing and then compacted with a tire-wheeled compacting tractor.
The soil is classified as Dystrophic Red Latosol (EMBRAPA, 1999) young tillers (less than 2 months of age). In the four ratoons used for the tillering demographic standards, nine tillers were chosen, that is, three of each age, amounting to 12 young, old and mature tillers in each experimental unit. As the first generation of tillers was discarded and because only three grazing cycles were performed for the stubble height of 30 cm, it was not possible to obtain old tillers for this condition in the first evaluation. The features evaluated were: leaf appearance rate (leaves/tiller.day), leaf elongation rate (cm/tiller.day), leaf senescence rate (cm/tiller.day), phyllochron (days/leaf), stem elongation rate (cm/tiller.day), leaf lifespan (days/leaf), final length of leaf blade (cm) and number of live leaves (leaves/tiller).
Data were investigated in a split plot scheme of time, in which the post-graze heights constituted the plots, and the seasons of the year, the subplots. The variance analyses of the weighted means per season presented no heterogeneity of variances and, therefore, the ANOVA was performed. The GLM procedure of the SAS statistical package (SAS Institute, 1996) was used, in which the RANDOM and TEST commands were adopted. The comparison of means was done by Tukey's test at 5% level of significance.
Results and Discussion
The pre-grazing sward height was not influenced by post-grazing heights, seasons of the year or interaction between post-grazing and seasons of year (P>0.05). Therefore, the condition of 95% of light interception was reached at 93 cm of sward height, regardless of the season of the year. This is similar to the results obtained by Carnevalli et al. (2006) for the guinea grass cv. Mombaca (90 cm). As corroborated by previous studies, the relation between light interception and pre-grazing sward height is consistent and extremely stable for different plant species and cultivars (Carnevalli et al., 2006; Barbosa et al., 2007; Pedreira et al., 2007; Trindade et al.; Sousa et al., 2010; Sousa et al., 2011) .
The post-grazing heights evaluated did not affect (P>0.05) the morphogenic or structural characteristics of tillers of different ages. Barbosa (2004) , evaluating guinea grass cv. Tanzania under grazing and rotational stock, did not find effect of post-grazing heights on the morphogenic or structural characteristics of tillers of different ages, either. Sousa et al. (2010) , in studying Andropogon grass with different severity cuts, also observed the same standard of morphogenic and structural characteristics of the canopy. The condition of 95% of light interception is considered adequate for the regrowth interruption (Da Silva & Nascimento Júnior, 2007) . Afterwards, competition for light and 100 kg/ha of nitrogen were applied. In this period, it was not possible to apply all the pre-established dose of urea (200 kg/ha), since the experiment was finished after the second grazing cycle on Feb 02, 2007. After grazing in each paddock, nitrogen was applied in a split manner, during the rainy period.
Three grazing severities, characterized by stubble postgraze heights were evaluated: severe post-graze height (30 cm), representing intense forage use; lenient (50 cm), showing higher individual animal performance; and 50-30 cm (50 cm stubble from spring and summer, lowered to 40 cm in the first fall grazing, then to 30 cm in the following grazing, and returning to 50 cm after the first spring grazing). The aim was to obtain higher pasture growth and greater individual animal performance in the spring and summer, and reduced stem accumulation and senescent material in the fall and winter. All grazings were performed when plants reached 95% of light interception during regrowth. The post-grazing heights were allocated to the experimental units (0.25 ha) in a completely randomized block design with three replicates.
The grazing system used was rotational, utilizing, on average, 18-month crossbred steers, with average weight of 310 kg. The grazing interval was determined by light interception of the forage canopy during regrowth. Light interception was monitored in the post-grazing period during pasture regrowth until pre-graze, through a canopy analyzer AccuPAR Linear PAR/LAI ceptometer, Model PAR 80 (DECAGON Devices) at 30 reading spots per yard, following W-shaped trajectories. In each spot, a reading was taken above the canopy and another on the soil surface (below the canopy).
Sward height was measured in association with the evaluations of LI by a ruler, with which 40 readings were performed in each experimental unit. The average of the experimental unit corresponded to the average of the 40 spots.
The ratoons used in the monitoring of the demographic standards of tillering allowed to obtain tillers of different ages through the marking of new tillers that appeared in each grazing cycle (tillering dynamics). Two morphogenic evaluations of the tiller ages were conducted. The first evaluation was performed in the dry season, from June to August 2006, totaling 70 days. In this evaluation, the first marking was done in the spring of 2005, due to the impossibility to determine the real age of the tillers. Therefore, tillers of the second generation onwards were utilized. The second evaluation was conducted in the summer of 2007, from February to April, comprising a grazing interval, which was variable in each experimental unit.
Tiller age was classified as follows: old tillers (over 4 months of age), mature tillers (2 to 4 months of age) and incidence is intensified. So, the plants of tropical climate show stem elongation as an adapted response to allocate their leaves to the canopy surface, and accelerate the senescence process and death of leaves, once the number of live leaves kept in a tiller is relatively constant. Since the defoliation frequency was the same (95% of light interception), the absence of the significant effect of morphogenic and structural characteristics on post-grazing heights is indicative that the severity tested was adequate for the guinea grass cv. Mombaca and did not affect the remaining leaf area and/or the organic reserves. Thus, the choice of the defoliation severity is attributed to the productive system, to the desired pasture efficiency (Difante et al., 2009a,b) , to the soil fertility level and to the adequate corrections and fertilizers (Da Silva et al., 2008) .
Stem elongation rate, phyllochron and leaf lifespan were influenced only by the seasons of the year (P<0.05). Then, during the summer, smaller stem elongation rate, phyllochron and leaf lifespan were observed (Table 1) .
There was no interaction between heights, ages and seasons nor differences between post-grazing heights (P>0.05), for leaf appearance rate and leaf elongation rate, number of live leaves and final length of leaf blade, in terms of tiller ages and the two seasons under evaluation.
However, there was interaction between tiller ages in the seasons under evaluation (P<0.05) ( Table 2) .
Regardless of tiller ages, the winter presented the lowest leaf appearance rate and leaf elongation rate (Table 2) and the highest stem elongation rate, phyllochron and leaf lifespan (Table 1) in comparison with the summer. The morphogenic and structural characteristics are regulated mainly by natural resources' conditions such as luminosity, water availability, temperature and nitrogen supply (Lemaire & Chapman, 1996; Lemaire & Agnusdei, 2000) . Then, whenever the availability of growth resources decreases (winter), the plant reduces its flow of tissues as a mechanism to stay alive, diminishing, therefore, the use of its organic reserves.
There was no difference between summer and winter regarding the final length of leaf blade between tillers of the same age, except for mature tillers, which presented longer final length of leaf blade during the summer (Table 2) . During the growth period of the plants, the final length of leaf blade tends to increase according to the increment of the average length of sheaths (pseudostem), due to the longer distance the leaf needs to go through until its appearance (Lemaire & Chapman, 1996; Duru & Ducrocq, 2000) . Certainly, stem size kept relatively constant between winter and summer for the young and old tillers, which may have determined this standard. The rates of processes responsible for the biomass accumulation in a pasture, namely leaf appearance rate and leaf elongation rate, as well as number of live leaves per tiller, were not altered by tiller age during the winter (Table 2) . Nevertheless, during the summer, young tillers had better capacity of forage production, as observed in the variations of leaf appearance rate and leaf elongation rate (Table 2) than the old and mature tillers. This standard determined similar variations of the structural characteristic of the canopy, mainly in terms of number of live leaves and final length of leaf blade (Table 2) , similarly to results obtained by Carvalho (2002) in studies with guinea grass cv. Mombaca and Tanzania, Barbosa (2004) with guinea grass cv. Tanzania and Paiva (2009) with Marandu palisadegrass. Young tillers also presented longer leaves during the winter and summer, showing that old tillers had leaves with shorter final length, regardless of the season of the year (Table 2) . Despite having longer stems, old tillers may have shown elevated apical meristem, reducing the distance that the new leaf had to go through until its appearance, decreasing the final length of leaf blade (Lemaire & Chapman, 1996; Duru & Ducrocq, 2000) . Possibly, the higher growth observed in young tillers may be attributed to their photosynthetic capacity. According to Carvalho (2002) , there is reduction of photosynthetic capacity of tillers as they age, probably, related to the anatomical and physiological changes of the leaves. However, studies on this subject are scarce.
Leaf senescence rate was influenced only by tiller age (P<0.05). Young tillers presented higher leaf senescence rate (1.1 cm/tiller.day), followed by mature tillers, (0.9 cm/ tiller.day) and finally, by old tillers (0.1 cm/tiller.day), possibly due to the accelerated growth rate of young tillers. These results corroborate those obtained by Barbosa (2004) for the guinea grass cv. Tanzania and Paiva (2009) for the Marandu palisadegrass, showing that tiller age influences the morphogenic and structural characteristics of plants, resulting in progressive loss of vigor as tillers age. Therefore, grazing management systems (e.g., frequency and severity of defoliation, nitrogen supply) that favor a rapid regrowth of tillers would be desirable, since young tillers present higher growth rates (Barbosa, 2004) .
Conclusions
The age range of the tillers alters the morphogenic and structural characteristics of pastures, given that young tillers present increased growth vigor as compared with both mature and old tillers.
